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ABSTRACT

Chikungunya virus (CHIKV) has emerged as a significant public health concern due to its rapid spread and potential for
causing debilitating epidemics. In Argentina, the virus has garnered attention since its introduction to the Americas in
2013, due to its growing incidence and impact in neighbouring countries. Here we present a comprehensive analysis of
the spatiotemporal dynamics of CHIKV in Argentina, focusing on the evolutionary trajectory of its genetic variants.
Through a combination of active surveillance, screening of historical and recent samples, and whole-genome
sequencing, we traced the evolutionary history of CHIKV lineages circulating within the country. Our results reveal that
two distinct genotypes circulated in Argentina: The Asian lineage during the 2016 epidemic and the ECSA lineage in
2023. This distribution reflects the dominance of particular variants across Latin America. Since 2023, the ECSA lineage
has led to a surge in cases throughout the Americas, marking a significant shift. The replacement of lineages in the
American region constitutes a major epidemiological event, potentially affecting the dynamics of virus transmission and
the clinical outcomes in impacted populations. The spatiotemporal analysis highlights CHIKV's distribution across
Argentina and underscores the significant role of human mobility, especially when considering recent epidemics in
neighbouring countries such as Paraguay and Uruguay, which have facilitated the spread and introduction of the viral
strain into different districts. By integrating epidemiological data with genomic insights, we elucidate the patterns of
virus dissemination, highlighting key areas of transmission and potential factors contributing to its spread.
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Introduction

Chikungunya virus (CHIKV), a member of the Toga-
viridae family, is predominantly transmitted through
the bite of infected mosquitoes, especially those of
the Aedes genus [1]. This arthropod-borne pathogen

symptoms and severe joint pain. CHIKV exhibits
genetic diversity and distinct spatiotemporal distri-
butions, resulting in various genotypes and lineages
[2]. Its rapid spread and potential for severe epidemics

have elevated it to a global public health emergency

is notorious for causing chikungunya fever, character-
[3]. Following the detection of a mutation in the

ized by fever, headache, muscle pain, and joint pain
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ECSA CHIKYV lineage in 2009, which conferred repli-
cation advantages in Aedes albopictus mosquitoes [4],
Argentina initiated the development of diagnostic
methods for CHIKV. The first confirmation of
CHIKV transmission within the Americas occurred
in 2012 on the island of Saint Martin, signalling the
spread of the virus throughout the Caribbean and
Latin American countries [5]. Argentina detected its
first CHIKV cases in returning travellers in 2014, but
autochthonous cases were reported for the first time
in 2016, affecting only the Salta and Jujuy provinces
in the northwest, with 322 confirmed cases reported
between the 8th and 20th Epidemiological weeks
(EW) [6-8]. Between 2017 and 2022, CHIKV cases
were identified in returning travellers. However, a sig-
nificant increase in CHIKV cases in early 2023 across
various regions of Argentina reflected a broader trend
in the Americas, which has reported over 214,000
cases since the virus’s introduction. In Argentina,
between the 1st and 43rd weeks, 2,314 confirmed
cases were reported, mainly autochthonous, in 9 pro-
vinces of the country: Buenos Aires, CABA (Ciudad
Autonoma de Buenos Aires), Cordoba, Chaco, Cor-
rientes, Formosa, Misiones, Salta, and Santa Fe [8].
This study addresses the shifting epidemiological
landscape of CHIKV in Argentina. Through a colla-
borative effort, we obtained 55 novel CHIKV genome
sequences from February 2016 to April 2023, sourced
from infected individuals in the most affected pro-
vinces. Our study has focused on providing valuable
insights into the transmission dynamics and genetic
characteristics of circulating CHIKV strains within
Argentina, with a primary focus on understanding
the genetic evolution and lineage diversity. Given the
ongoing spread of this pathogen across the Americas,
it has become crucial to comprehend not only its evol-
utionary dynamics within Argentina but also its inter-
connectedness with neighbouring countries. To
achieve our objectives, we employed a comprehensive
approach that includes active surveillance, the screen-
ing of historical and contemporary samples, and the
utilization of cutting-edge whole-genome sequencing
and phylodynamic techniques. Through these efforts,
we have unravelled the intricate evolutionary trajec-
tory of CHIKV lineages within the nation’s borders,
shedding light on its broader regional implications.

Results

To investigate the circulation of CHIKV genotypes in
Argentina, we generated a total of 55 genome
sequences. From the 2016 epidemic in Salta province,
we obtained four sequences of the CHIKV-Asian geno-
type. During the 2023 epidemic, we sequenced 51 gen-
omes of the CHIKV-ECSA genotype, of which 21 were
identified as autochthonous cases, while 15 reported a
travel history to Paraguay, which experienced a large

epidemic by the end of 2022 (Table 1) [9]. The latter
were collected from provinces most impacted by the
2023 epidemic: Buenos Aires, Chaco, Cérdoba, Cor-
rientes, Formosa, Misiones, and Santa Fe (Figure 1A
and Table S1). Whole-genome sequences were obtained
from RT-qPCR positive samples using a MiSeq (Illu-
mina) sequencing instrument.

Screened samples presented a mean RT-qPCR cycle
threshold value of 23.52, ranging from 14 to 36, and
their associated average age was 40 for females and
36 for males (years), with 61% of patients identified
as female (Table S1). All patients were classified as
having chikungunya fever, and none were notified as
severe. In total, the 55 new CHIKV genome sequences
exhibited a mean genome coverage of 94.0% (coverage
ranging from 74% to 98%), with a mean depth exceed-
ing 1,000x for all samples. These sequences were
obtained from samples collected between February
2016 and April 2023 and have been uploaded to the
GenBank database under the accession numbers:
OR631863-OR631917 (further details in Table S1).
The CHIKV genotyping tool classified these new
strains as either belonging to the Asian (n=4) or
ECSA (n=51) genotypes (Table S1). Reported
CHIKYV cases identified two primary epidemic peaks
in 2016 and 2023, as depicted in Figure 1B. The
2016 epidemic predominantly saw the circulation of
the CHIKV-Asian genotype. By contrast, in 2023,
there was a discernible change to the ECSA genotype,
which has become prevalent in the Americas [9-11].
Accompanying this lineage replacement was a notice-
able increase in case numbers, indicating a significant
epidemiological shift. This pattern mirrors a larger
trend seen across the Americas, where over 214,000
cases have been reported since the virus’s introduction
[10, 11]. To gain a better understanding of the phylo-
dynamic history of the CHIKV Asian genotype in
Argentina, we combined our 4 newly generated
sequences with other CHIKV Asian strains from Gen-
Bank (n=364). As shown in Figure 2A, our phyloge-
netic reconstruction revealed that these novel isolates
form a cluster with strong support (posterior prob-
ability = 1.0). Delving further into the lineage’s origins,
our analysis suggests a significant connection with
Paraguay, pointing to a potential cross-border trans-
mission between these neighbouring countries. The
likely source of this introduction appears to be associ-
ated with strains from South and Central America, as
indicated by samples from Paraguay and Nicaragua
(Figure 2). We estimated that this transmission event
occurred around early December 2015, with a 95%
highest posterior density (HPD) interval ranging
from mid-June 2015 to early February 2016.

In addition, to further investigate the phylodynamics
of the CHIKV-ECSA genotype, we conducted a phylo-
genetic analysis of 51 newly sequenced genomes in
addition with 924 complete CHIKV-ECSA genome
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Table 1. Continued.

Sample ID

Accession_Number
OR631914

Lineages

Coverage Assignment

Depth of Coverage

Reads

CTs
22
23

Sex

Age
49

Colelction date

2023-01-22

Country

East-Central-South-African
East-Central-South-African
East-Central-South-African
East-Central-South-African
Asian and Caribbean
Asian and Caribbean
Asian and Caribbean
Asian and Caribbean

Chikungunya virus

4.2
4.5

5
9

1137.6
2483.4

62487
226838

Argentina

|2023-02-23

AR20230909_11020_CHIKV

AR20230909_11019_CHIKV

10

42

2023-01-11

OR631915

Chikungunya virus

Argentina

|2023-02-20

AR20230909_11021_CHIKV

OR631916

3
4.5

93
9

24143

219315

20

2023-05-04
2023-04-25
2016-02-06

2026-03-14

Chikungunya virus

Argentina

|2023-02-10

OR631917

Chikungunya virus

2586.7

233298
287566
206969
217779
241838

18
17
14
22

12

22

Argentina

|2023-02-08
AR20230720|MS3148148|10827|CHIK|BUENOSAIRES|2023-04-21

AR20230720|MS3148148|10828|CHIK|SALTA|2016-02-06

AR20230909_11022_CHIKV

OR631902

Chikungunya virus

2
3
4.6
4.6

95

3023.2

Argentina

OR631903

Chikungunya virus

95
9
9

2186.9

32

Argentina

OR631904

Chikungunya virus

2318.9

2016-03-12 32

Argentina

AR20230720|MS3148148|10829|CHIK|SALTA|2026-03-14

OR631905

Chikungunya virus

2574.0

2016-03-09 58 24

Argentina

AR20230720|MS3148148|10830|CHIK|SALTA|2016-03-12

sequences available on GenBank (Figure 3). Notably,
our analysis revealed two independent introduction
events. Given the genomic data available from neigh-
bouring countries, our findings suggest a probable con-
nection with the CHIKV epidemic observed in Uruguay
and Paraguay, both of which have experienced an
increase in CHIKV cases since early 2023. Additionally,
our analysis uncovered a significant monophyletic clus-
ter, indicating local transmission within Argentina,
which we have designated as “AR-Clade 1’.

While relying solely on genetic data limits our abil-
ity to definitively determine transmission directional-
ity, the evidence suggests a probable connection
between the origin of this clade in Argentina and the
recent explosive epidemic observed in Paraguay and
Uruguay (Figure 3). We additionally reconstructed
the viral movements within Argentina, particularly
focusing on the AR-Clade 1 (n=50). The analysis
indicated that the mean time of origin for these
samples was in late December 2022, with a 95% high-
est posterior density (HPD) ranging from mid-
December 2022 to early January 2023. It’s noteworthy
that viruses encompassed within this clade appear to
have spread multiple times from Argentina’s northern
regions (Formosa and Chaco provinces) toward the
eastern provinces (Figure 3).

Discussion

CHIKV has emerged as a significant global health
threat, characterized by its rapid transmission and
potential to cause debilitating epidemics [9]. In
2023, Argentina experienced an increase in CHIKV
infections as part of the virus’s regional spread [9-
11]. This increase prompted an in-depth investi-
gation into the virus’s evolutionary dynamics within
Argentina. Our comprehensive approach included
active surveillance, analysis of both historical and
recent samples, and whole-genome sequencing to
delineate the evolutionary trajectory of CHIKV
lineages in the country. A critical outcome of this
study was the discovery that the once-dominant
Asian lineage has been replaced by the ECSA line-
age, which is now the dominating genotype in the
Americas. Further analysis of the CHIKV Asian gen-
otype in Argentina revealed a substantial link with
neighbouring countries, highlighting potential
cross-border transmission. This finding is supported
by samples from South and Central America, par-
ticularly Paraguay and Nicaragua. However, the
lack of CHIKV sequences from Bolivia for 2015-
2016 is noteworthy, especially considering the travel
connections to Argentina’s early 2016 outbreak, pre-
dominantly in the Salta and Jujuy provinces. This
absence, coupled with Bolivia’s significant case num-
bers during this period, complicates efforts to map
the virus’s transmission pathways and demonstrates
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Figure 1. Spatiotemporal Dynamics of CHIKV in Argentina. A) A map of Argentina shows districts coloured according to the
number of reported CHIKV cases. Circles indicate the number of CHIKV genome sequences generated in this study, with the size of
each circle representing the number of genomes isolated from that specific district. B) The number of autochthonous chikungunya
cases reported weekly per 100,000 individuals from 2014 to 2023. The 2016 epidemic is highlighted in green, while the 2023 epi-
demic is highlighted in salmon. Pink bars represent the sample collection dates for the genomes generated in this study.

its extensive regional impact. The replacement of the
Asian lineage by the ECSA lineage represents more
than just a shift in lineage prevalence; it represents
a pivotal epidemiological event. Such a change can
influence CHIKV’s transmission dynamics and
potentially shape clinical manifestations in affected
individuals [12]. Notably, the ECSA lineage is
known for its enhanced transmission efficiency and
adaptability to Ae. albopictus mosquitoes, a primary
vector for CHIKV in the Americas [13]. Notably, the
mutation E1 A226 V, crucial for adaptation, was
absent in the ECSA CHIKV sequences from Argen-
tina analyzed in this study. Nonetheless, this
lineage’s adaptability could significantly impact
CHIKV’s epidemiological landscape in the country,
potentially influencing the scope and intensity of
future outbreaks. In addition, the interconnectedness
of bordering countries amplifies these concerns [14].
Our analysis suggests a probable connection between
the origin of the CHIKV-ECSA clade in Argentina
and the recent explosive epidemic observed in Para-
guay and the CHIKV circulation in Uruguay [10,
11]. The movement of populations and close ties
between these countries could facilitate the spread
and adaptation of the virus. In this respect, it’s
also crucial to acknowledge the limitations inherent
in such analyses, primarily due to their dependency
on sampling. Thus, we emphasize the imperative
nature of increasing surveillance throughout the
region. Enhanced monitoring would facilitate a
more refined reconstruction of the virus’s dissemina-
tion trajectory through epidemic seasons and across
diverse sampling locations. The availability of tech-
nology to generate complete genomic sequences as
epidemics occur will improve our ability to
fully delineate and wunderstand the molecular

epidemiology of these viral strains at a granular
regional level.

Materials and methods

Sample collection, molecular screening and
whole genome sequencing

Serum samples (n =55) obtained from patients who
tested positive for CHIKV and presented symptoms
consistent with the infection, along with linked epide-
miological metadata, were received at the Instituto
Nacional de Enfermedades Virales Humanas “Dr.
Julio I. Maiztegui” in Pergamino, Buenos Aires,
Argentina. These samples were collected by the
National Network for Arbovirus Diagnosis in Argen-
tina. The samples underwent nucleic acid extraction
using the QIAamp Viral RNA Mini Kit (QIAGEN),
followed by real-time reverse transcription RT-qPCR
as previously described [15]. Only samples with Ct
values <36 were selected for sequencing (Table S1).
Extracted RNA was first converted to cDNA, and
libraries were prepared using the Illumina COVID-
Seq Assay kit, replacing SARS-CoV-2 specific primers
used for the generation of cDNA with specific primers
for complete sequencing of CHIKV designed by Quick
et al, 2017 [16]. The sequencing reaction was per-
formed on a MiSeq (Illumina) sequencing instrument
using the MiSeq v2 reagent kit on a 300-cycle
programme.

Genome assembly and Phylodynamic analysis

The resulting sequence reads were screened for quality
and assembled into complete consensus sequences
using Genome Detective software [17]. To explore
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Figure 2. Dispersion dynamics of CHIKV-Asian genotype in Argentina. Maximum likelihood (ML) phylogenetic analysis of 4
complete genome sequences from CHIKV-Asian genotype generated in this study alongside n = 364 CHIKV-Asian available com-
plete genome sequences from GenBank. The scale bar is in units of nucleotide substitutions per site (s/s) and the tree is mid-
pointed rooted. Colours represent different sampling locations. The highlight on the left showed the Maximum Clade Credibility
(MCQ) reconstruction of the Argentinian Clade. Values around key nodes represent posterior probability support.

sequence genotypes, the chikungunya virus typing tool
was used [18]. To investigate the origins and spatial
dynamics of the different CHIKV genotypes identified
in Argentina, we collected all genomes designated as
CHIKV-Asian and CHIKV-ECSA from GenBank up
to September 20, 2023. We excluded sequences that
lacked sample date and location information, as well
as those that represented less than fifty percent of
the viral genome. All sequences were aligned with

MAFFT [19] and manually edited with Aliview [20]
to remove biological artifacts. The ModelFinder tool
used in IQ-TREE2 [21] inferred the GTR nucleotide
substitution model as the best-fit model, which was
used to build maximum likelihood (ML) phylogenetic
trees. The robustness of the tree topology was deter-
mined using 1,000 bootstrap replicates. The BEAST
software [22] was used to infer time-scaled phyloge-
netic trees, and prior to that, TempEst [23] was used
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Figure 3. Time-measured phylogeny of CHIKV-ECSA lineage in Argentina. A) MCC reconstruction of 51 complete genome
sequences from CHIKV-ECSA genotype generated in this study plus n=924 available sequences from GenBank. Numbers in
black show clade posterior probabilities of main nodes. Colours represent different sampling locations. The highlight on the
right showed the phylogeographic reconstruction of the large Clade 1 from Argentina (n =43). Circles represent nodes of the
MCC phylogeny and are coloured according to their inferred time of occurrence. Shaded areas represent the 80% highest posterior
density interval and depict the uncertainty of the phylogeographic estimates for each node. Solid curved lines denote the links

between nodes and the directionality of movement.

to assess the presence of a temporal signal. We
employed a stringent model selection investigation
that includes both path-sampling (PS) and stepping-
stone (SS) processes to determine the most suited mol-
ecular clock and coalescent model for the Bayesian
phylogenetic analysis [24]. The uncorrelated relaxed
molecular clock model was chosen for all datasets
by evaluating marginal likelihoods with the codon-
based SRDO06 nucleotide substitution model and
the nonparametric Bayesian Skyline coalescent
model. We utilized a flexible relaxed random walk
diffusion model [25] that allows branch-specific vari-
ation in dispersion rates with a Cauchy distribution
and a jitter window site of 0.01 to predict the phy-
logenetic dissemination of the discovered CHIKV-
ECSA community transmission clade. The MCMC
analyses were run in duplicate for 10 million iter-
ations and sampled every 10,000 steps in the chain
using BEAST v1.10.4. Tracer was used to evaluate
run convergence (effective sample size for all key
model parameters >200). Maximum Clade Credi-
bility (MCC) trees for each run were summarized
using TreeAnnotator after eliminating the early
10% as burn-in. Finally, using the R package sera-
phim version 1.0 [26], we retrieved and mapped
spatiotemporal information inherent in the posterior
trees. The PAHO website was used to download

epidemiological time series data for confirmed, sus-
pected, and probable CHIKYV illnesses [8].
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